Soft x-ray microscopy provides <50 nm spatial resolution imaging with an energy bandwidth of <0.2 eV for studies of complex organic systems. By acquiring a series of images across an absorption edge, a data set in three dimensions (X,Y, and energy) is obtained which exploits the chemical state sensitivity of x-ray absorption near-edge structure or XANES.
We report the development of a novel form of X-ray microscopy (see contribution by D. Sayre et al.) based on the coherent X-ray diffraction and the oversampling phasing method. By using coherent soft X-rays with a wavelength of 17 Å, the first demonstration experiment was carried out in 1999 to determine the 2-D structure of a non-crystalline specimen at 75 nm resolution. More recently, by using coherent X-rays with a wavelength of 2 Å from an undulator at SPring-8, the 2-D structure of a non-crystalline specimen at 7 nm resolution and a 2-D buried structure at 8 nm resolution have been experimentally determined. An algorithm was also developed for the reconstruction of 3-D images from a limited number of diffraction pattern projections without the need of interpolation. By employing this algorithm, for the first time the 3-D structure of a non-crystalline specimen at 55 nm resolution was reconstructed from a series of 2-D diffraction patterns. The 2-D and 3-D imaging resolution is currently limited by the exposure time and the computing power, while the ultimate resolution is limited by the X-ray wavelengths. We believe these results pave the way for the development of 3-D X-ray diffraction microscopy at atomic resolution, which can image thick specimens not accessible to scanning probe microscopy and transmission electron microscopy. In combination with the planned X-ray free electron lasers having ultra-short and extremely intense pulses, this form of X-ray microscopy could be applied to image single biomolecules at atomic or near atomic resolution. By using computer simulation, it has been shown that a molecular diffraction pattern at 2.5 Å resolution accumulated from multiple copies of single rubisco biomolecules each generated by a femtosecond-level X-FEL pulse can be successfully phased and transformed into an accurate electron density map comparable to that obtained by more conventional methods. A number of different methods for optical phase retrieval are analyzed and tested using simulated and real X-ray images collected in the near and intermediate fields, i.e. in the regions where the Fresnel number is either much larger than or of the order of unity. As the extent of these regions is determined by the radiation wavelength and the size of the features being imaged, in a real experiment a single sample often has features of different size (resolution) that correspond to different imaging fields [1] . It has been demonstrated previously that in the near field the phase can be rapidly and accurately retrieved using one of the techniques based on the Transport of Intensity Equation [2] . Therefore, these techniques can be applied to low-resolution features of an image. The high-resolution components of the phase have to be reconstructed using alternative phase-retrieval techniques. The results presented are obtained using several techniques. These techniques allow phase retrieval from either a single in-line image collected in the near or intermediate field, or several images collected either at different defocus distances, or at a fixed distance, but with different radiation wavelengths. 
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